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Ultra-morphology and chemical composition of waxes secreted by two wax scale 
insects] Ceroplastes ceriferus[] Fabricius|] and С. japonicus Green|] Ноторќега[] 


Coccidael | 
XIE Ying-Ping[] XUE Jiao-Liand] College of Life Science and Technology[] Shanxi University[] Taiyuan 0300060 China[] 
Abstract[] The ultra-morphology and chemical composition of waxes secreted by the scale insects[] Ceroplastes ceriferus 
П Fabrieius[] апа C. japonicus Green|] Homopteral] Coccidae[] were studied with the techniques of scanning electron 
microscopd] SEM[] and gas chromatography/ mass spectrometry] GC/MS[]. The results indicate that the two wax scale 
insects have а similar маху secretion and wax test forming process. The scale insects in their first and second instars 
secreted dry wax that formed a star-shaped test. Every wax horn around the margin of the test consists of two segments. 
This is corresponding to the two developmental instars. Furthermore[] each of the two segments of the wax horn included 
many sub-segments. Meanwhile[] the wax accumulated into a cap-like structure with many layers on the dorsal region of 
the body. It was believed that some kind of rhythm existed in the wax secreting. A lot of striate punctures formed wax 
glands that are usually unable to be found with the slide specimens of the wax scale insects observed under the light 
microscopy. Аз the scales developed into the 3rd instar and adult stage[] the wax secretion changed into' wet state" and 
formed a waxy test in tortoise shell shape. The wax glands on the dorsal surface mainly are trilocular and quadrilocular 
pores. Dense wax pores arranging in longitudinal strips also were found over the anal plates. The main chemical 
compositions of the wax secretions of the two scale insects were determined with GC/MS by the two methods of 
esterification and unesterification. For C. ceriferus|] 14 and 14 compounds were determined from its wax secretion with 
the two methods respectively[] while 10 and 25 compounds were determined respectively from the wax secretion of C. 
Јаропісиѕ. The main compositions of their wax secretions include a series of long chain saturated and unsaturated 
hydrocarbond] fatty acids[] fatty alcohol[] esters[] and some compounds with ring structures of multi-[] macro-[] or 
heterocyclic ring. Their biological functions were discussed. 
Key words[] Coccidae[] Ceroplastes ceriferus[] Ceroplastes japonicus|] wax secretion[] ultra-morphology[] chemical 
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Table1 Composition of the esterified waxes secreted by the female adult of Croplastes ceriferus detected with GC/MS 
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Table2 Composition of the unesterified waxes secreted by the female adult of Croplastes ceriferus detected with GC/MS 
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О + 014-0 0 0 -30011-0 0 0 -408 CDL] 0 0 Ú! 
H 
38.79 Colo с 10306011 - Cyclotetradecatetraene[ JH4-isopropyl-3L 7L] 1-trimethyl-0 + O ЖП 0.5 
26000 00-000 
H 
MUR Ст He = 2L 6L TLO- Trimethyl-tetradecane RS 0:44 
5-0 0 U D -B 3800 LI Ú 
НО 
SD Cis Ho 02 298 3H[EFuranone[ 5-dodecyldihydro- dnt 101 
43.03 Cis Нз О» 280 9012-0 0 U 0 O 9012-Octadecadienoic acid 10.67 1.81 
4080120150150 0 0 -0 Ш 930000 0 0 -307- D -12-0 
45.26 СНО 290 Bicycld 9030 10 pentadeca-3(] 7-аіеп-12-01040 80 120 150 15-pentamethy[]. 1R- 6.82 3.25 
П IR" [BHT/'EDHIR 012R* OO 
49.83 Coo Н О» 302 U [] 0 Pimaric acid 30.86 29.08 
54.50 5.83 4.31 
и C3; H О 536 1-0 D 0 0 0 1-Heptatriacotanol 22.02 37.55 
58.22 Cog Hsg 394 ПШ ПП ПП n-Octaeosane 11.51 1.60 
60.06 C, Hz О» 254 ПОП -13-П 0 0 0 13-Tetradecen-1-ol acetate 10.62 2.54 
64.97 Co Hy O; 338 1B ZOO 000 0 13-Docosenoic acid) ZO- 26.05 1.71 
9 0000 00 -5-0 -7-0 
НО 
22:92 Ca Ho Os xL Androst-5-en-7-one[] 3 acethloxy[ HT] ЗаП- 25:00 T0 
2400 -4 2660 000000 01850 B. B. B. O10 DL 7E 7. -1-00 
96.90 Сз H32 0 324 2 4-Meihyl-dd 2[]6[]6-trimethylcyclohex-1-enyl[]hexa-1[ ]3[]5-trieny[]cyclohex-1-en- 18.71 7.89 
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Table 3 Composition of the esterified waxes secreted by the female adult of Croplastes japonicus detected with GC/MS 











00 u 000 000 100 %0 uut 
Peak retention Molecular Molecular C d Probabilit Relative 
timd] min formula weieht pon TORY conten(] %0 
18.70 Ci Ну O; 270 UU DDD Methyl palmitate 75.48 13.33 
20.64 С H34 O; 294 9012-0 000000 Methyl 9[TI2-octadecadienate 10.48 33.53 
20.71 С» Нз O2 308 8018 RE-I 0 0 -14-0 O O Labd-14-ene-8[]13-diol[] 1360 9.21 8.41 
21.03 Cio Hag O2 298 UD D UL Methyl stearate 60.75 9.12 
22.65 Cis Hj N 219 МО 0 -2-0 0 2-Naphihalenamine[]N-phenyl- 61.14 1.74 
23.62 C Нр O; 326 UU DDD Methyl arachate 61.14 1.64 
3a012a-0 000 O O -16-0 -20-0 -5a- O O 
Н»; О. 
a Cas Hass по 5а-Ргерп-16-еп-20-опе[] 3a[] 12a-dihydroxy-[] diacetate Perg 10:83 
25.47 206-0 000 -A 24-0 0 U U U ID Ú 1.78 
25.73 Ca HO Qum 2[6-Di-tert-butyl-4] 2[ H[ P[Á-rrimethylbenzyl[ phenol 19:57 1.02 
siB REED D 0 -14- 0 Ú 
Hs O. 
22 48 Cio Fa Os AS Labd-14-ene-8013-diol0 13R[] 792 5-82 
3-0 D -3-0 0 -0 0 -17-0 
Ну О, 
30:05 Ci Ha O; 318 Androstan-17-one[ B-ethyl-3-hydroxy- 19:32 1699 
52.81 Cis Нз O2 256 12-0 [] -0 O0 D] O0 O Methyl 12-methyl tetradecanoate 19.53 2.43 
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Table 4 Composition of the waxes secreted by the female adult of Croplastes japonicus detected by GC/MS 
AU u 000 nnn 000 %0 0000 
eak retention Molecular Molecular C d Probabilit Relative 
иш min] formula weight трон» aed conten] %0 
56-0 0 0 -A4CPCBCRACI U U Ú 
EROR Ca His m Naphthalene[]l[ P[ BÜHLtetrahydro-5[16-dimethyl- 10:27 Fato 
14.67 Ci Hi 158 1018-0 D 0 -1H-0 1H-Indene[ JI[ JI[ B-trimethyl- 48.32 1.48 
15.20 Со Н 156 17-0 0 0 0 1[]J7-dimethyl naphthalene 14.13 3.01 
18-0 00-9 1-0 0 0000 CE] 40000070 -3-0 
156 Cis Ho 204 1[B-Dimethyl-8-] 1-methylethyl[-tricycid 4[ H[ D[ D[ P[T/[] dec-3-ene Е 5:86 
400 00-33-0900 -00 0200000410000 
16.09 Cis Hy 2m 4[A-Dimethyl-3 3-methylbut-3-enylidene[ -2-methylenebicycl 4[JI[ D[ heptane 20 1:92 
10221305060708(8-0 ОП -108-0 00-910 000000 
Hem Cis Ho 2 1020305060708 8а-Осаһудго-108а-атењу1-7 1-methylethenyl[ -naphthalene 19:28 2:69 
2-0 0 00 -4а[8-П 0 0 -1[p[ BL] 44560708а0 0 0 0 
16.74 Cis Has 204 2-Isopropenyl-4a[ B-dimethyl-1[ P[ B[ Ha[ 5608 a-Octahydronaphthalene 16:88 oD 
80-00 -9-0 0-00000 
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2-ol 
22.74 С» H340 290 ОООО Verticiol 28.58 2.94 
22.95 С» Ha; 272 200012014-0 O O О Labda-B] 200012014-triene 23.23 1.32 
23.22 Cos Hag 382 9090-0000 9D9'"-Biphenanthrene[] octacosahydro- 32.69 0.89 
24.82 Сув Нз О» 280 П 40 41901200 00 0 0 9012-Octadecadienoic асі ZOZO- 12.73 3.29 
Ø 4-0 0 -4 2660 0 0 -1-0 0 0 00850 0 -1-0 0 0 -1-0 0 
25.85 Сз H320 324 J 4-Methyl-6-] 2[ P[ P-trimethyleyclo-hex-1-enyl[]|hexa-1[ B[]5-trienyl[]eyclohex-1- 28.94 0.99 
en-1-carboxaldehyde 
26.46 сыно 338 6016-0 0 0 -3[20-П D -1446-0 U 0 0O 23.14 4.43 
26.61 ере Ргевп-1ГИ06-иіепе-З200-@іопеГ6016-4тећуі-0 160 2.82 4.99 
26.94 сно 356 46-0 0 -340-0 0 -17-0 0 -6016a-0 0000 18.74 1.87 
27.14 rm Pregn-4[ 6-diene-3[D0-dione[ ]17-hydroxy-6[ ll 6a-dimethyl- 22.74 4.64 
26-0 ПШ 22000 0 A 101-0 U U U U CDI Ú 
2 Ca Ha O, 350 Phenol[ P[ P-bíd bicycld 2[ p| J1[hept-2-yl[ l-A-J 1[J1-dimethylethyl[|- TM 312 
14015-0 0 0 -1ГИГБП8ПОП10[111112[113[16[17181920ППППППП 
ПП 
cin сенә 226 14015-Ріаеһуд-1ГИС508090100110120130160170180190200-егадесаһуйго- =з 6:87 
cyclodecacyclote tradecene 
28.73 C, H0 406 210 16[[p[]13[ p3[ po-[] 0 -3-0 0 Ш 2008000 DE 701600100 ПП 20.11 1.33 
29.05 59 3-Oxatricyclg 200800000 701600часопіа- 22007 16029013023Г>9-һехаепе : 1.86 
29.50 С» Нз О» 308 8018 ROO ПП -14-0 0 O Labd-14-ene-8[]13-diol[] 13R[] 15.95 4.97 
31.41 C» Has 370 0 Sa] D] -3-0 Cholest-3-ene[T] 5а 9.54 5.89 
5-0 0 anm" ü Ú 
32,54 Ca His 206 IDE [IL -Terphenyl( 5" -Phenyl- 9:07 722 
210 16[[p[]13[ p3[ po-[] 0 -3-0 0 Ш 200800 701600100 ПП 
He CS Ha O "0e 3-Oxatricycld 200800000 70160 0-часота-2 2207 16[[ b[]J13[ D3[ D9-hexaene 31.26 10:08 
35.25 Са Hoo 506 UU Ú] [] n-Tetratetracontane 22.74 6.32 
37.24 Сз H, О» 414 3-0 0 ПП U -9-D D 0 O 9-phenanthrenemethyl 3-Phenylcinnamate 9.96 4.73 
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UU IDD Explanation of Plate I 
102. 000 10 000000 2ППППППППШПППППШППШППППШШППИПШП 1500 00 The wax tests of the two scale insects in 
the 1st and 2nd instars[] showing the star shape wax test with a thick wax cap in numerous layers covering upon the center of the body and about 15 waxy horns 
surrounding the body margin. 
3.000000000000 20 0Ш0000000000000 ПП А marginal маху hom in magnified view[] showing it consists of two big 
sections in which there are some smaller segments along the horizontal direction and some layers in vertical direction. 
4. П0000000ШОООООООШОООООО О О The smaller segments іп magnified view] showing the filamentous wax densely arranged 
like the parallel bamboo raft . 
506. 0 0000000000000000 00 0 The мах сар with multi-layers covering on the middle center of the body. 
7. 0DgdunaunmugpnapnmaoagugupnupnmauaunagundagmgunubddtnbdbddlnltnuLb D The мах test of the 
adult female in lateral view[] showing tortoise shell shape wax test. 
spnagnpnunmaupaununaoduggpnumaupnaunpadadnutddgdgdgduglduldütub ОО О D The adult female in ventral 


and lateral view[] showing the body with thick wax cover on its dorsal surface and thin semitransparent wax layer covering its ventral surface] with four white wax 












































lines in the stigmatic furrow region. 


DU DU HDD Explanation of Plate Il 
1. 0600000000 0 0 The structure of the wet wax on the adult female wax test. 
2.ППППППППШ ПП ПП ПП ПП The wax filaments densely filled in the stigmatic furrow region in which there are a number of quinquelocuar 
pores. 
з.ЦППППППППППППППШ ПП ПП 00 0 0 The quinquelocuar pores are secreting the wax filaments in helicoids form. 
4. ПООООООООООООШОООоОоОоОоОоОоОоОоОоОоОоОоОШоОоОоОооОоооОооооооОооООО ШП l] Те adult female of 
Ceroplastes ceriferus in dorsal view[] showing the wax test removed off body[] with the protruding regions corresponding to the wax cap and the wax horns on the 
middle center and surrounding the sub-margin of the body respectively. 
5. 0000000000000 0 00 The adult female of Ceroplastes japonicus in dorsal view[] showing the wax test removed off body. 
6ё.ППШППППППППППППШПППППП ПП ПП ПШ ПП 00 Опе sub-marginal protruding plate] showing wax pores with dense and striate 
punctures that could not be seen under the light microscopy when the body was treated into a slide specimen. 
7.0 6000Ш0000000000 О О The striate punctuate wax pores in magnified view. 
8. П00000000000000000 ПП О О Те junction region between the protruding regions along the sub-margin of the body[] showing the 


different wax pore distribution. 









































UU ШО D Explanation of Plate Ш 
1.00000000000000 D D] The distribution of the trilocular and quadrilocular pores over the dorsal surface of the body. 
2. 00000 ППШП ПШПШ ПП 00 The Ыосиа | trilocular апа quadrilocular pores on the dorsal surface of the body from which the wet wax 
was secreted. 
з. 0000 
4.00000 
5. 0000 
longitudinal stripes on the surface of anal tube. 
6.ПППППППППППШШП ПП ПП ПП 00 The further magnified view of anal tube surface[] showing the pores and slit band from which the wax was 


= 
A 
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П“ 000 "U The trilocular pore shaped in^ triangle rank”. 
П“ 000 "0 The trilocular pore shaped in parallel rank shape. 
UUDUDUDDUDUDDUDUDUJDUDUUDUUUDUDDLD Anal plate and extended anal tube of the adult female of C. creiferus[] showing the 
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secreted . 
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XIE Ying-Ping et al.: Ultra-morphology and chemical composition of waxes secreted by two wax scale 
insects, Ceroplastes ceriferus (Fabricius) and С. japonicus Green ( Homoptera: Coccidae) Plate | 
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XIE Ying-Ping et al.: Ultra-morphology and chemical composition of waxes secreted by two wax scale 
insects, Ceroplastes ceriferus (Fabricius) and C. japonicus Green ( Homoptera: Coccidae) Plate [I 
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XIE Ying-Ping et al.: Ultra-morphology and chemical composition of waxes secreted by two wax scale 
insects, Ceroplastes ceriferus (Fabricius) and C. japonicus Green ( Homoptera: Coccidae) Plate Ш 
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